ABSTRACT
Introduction
Animal cell lines are important in vitro systems and tools for scientists in diverse biological disciplines as well serving the biotech industries. Currently, there are a large number of cell lines of human and other species that have inter -and intraspecies cross-contamination (8, 10) . The question of authenticity and characterization of cell lines is essential, especially after the shocking list of cell lines contaminated with HeLa cells (13) , published in the 70's of last century. For years many cell lines that had not been well identified are exchanged between the laboratories worldwide. Two such cell lines are McCoy (16) and HEp-2 (11) isolated in the middle of 20 th century. These cell lines are now in common use (4, 5) , although it is known from many years of being contaminated with other cells. Several methods like cytogenetic, isoenzyme, DNA and immunophenotyping analysis has been developed for identification and characterization of cells (12, 15) . Several efforts have been made to limit the spread and use of "unknown" cell lines.
Different measures are implemented, including not accepting the publications in scientific journals, if it is not given accurate information about the authenticity of the used cells (9, 12) . This has its basis, because it would save a lot of financial losses and emotional disappointments.
In the present study we used chromosomal and DNA analysis to verify the origin of two serum-free cell cultures McCoy-Plovdiv and HEp-2-Plovdiv E and to determine the species affiliation of six cell lines. Subculturing: Cells were grown for a long period of time by subcultures in every 5-6 days. A confluent cultures were trypsinized by 0.05% Trypsin 1:250 (Difco) and 0.02% EDTA (Sigma), dissolved in PBS. Cell number was detected in hemocytometer. The cell suspension was stained by 0.05% Trypan blue (Serva).
Materials and Methods

Cell cultures and growth conditions
The serum-free cell cultures McCoy-Plovdiv and Hep-2-Plovdiv E were cultivated in DMEM/Ham's F-12 (1:1) medium. They were grown, subcultures and stored according to (4, 6) .
Cytogenetic analysis
The preparations for chromosomal analysis were made on cells from: McCoy, Hep-2, McCoy-Plovdiv and Hep-2-Plovdiv E cell lines. Cells were cultured in plastic cell culture flasks (75cm 2 ). Colcemid 0.2 g / ml was added at 48h.
Following trypsinization cells were centrifuged, treated with 0.75% KCL for 10 min and fixed three times with methanolglacial acetic acid (3:1) according to (7) . The dried preparations were stained by 10% Giemsa solution. Chromosome preparations of metaphase spreading chromosomes has been selected and investigated, in order to define clearly their number and their morphology. In 50 metaphase plates was determined the total number of chromosomes and the number of the telocentric and "nontelotcentric" chromosomes (which include the metacentric and submetatsentric chromosomes) as is described by Defendi et al. (3) . Preparations were examined with a Nikon Eclipse 80i microscope and documented by microphotography.
DNA-extraction
Genomic DNA has been isolated form the monolayer cell cultures of: 3T3, McCoy, Hep-2, McCoy-Plovdiv, Hep-2-Plovdiv-E, HeLa. Cell suspensions with 5x10 5 cell/ml were centrifuged at 13000 rpm for 6 minutes. The cell pellets were resuspended in extraction buffer: (100 µl total volume of each sample) 10 µl PCR buffer 10х (100 mM Tris-HCl, pH 8,3; 500 mM KCl; 0.01 % gelatine), 10 µl MgCl 2 25 mM; 4.5 µl 10 % Tween 20 in sterile distillated water; 0.6 µl proteinase К from 10 µg/ µl stock solution and 70.4 µl sterile distillated water. Samples were incubated at 60 о С for 1 h, after that for 8 min at 95 о С and stored at -20 о С.
Primers
The following oligonucleotides were synthesized by LKB GmbH: primers N1 (GGGACGCTTGATGTTTTCTTTCC) and N2 (TCCTGAGACTTCCACACTGATGC), amplifying 130 bp from the human beta-globin gene and primers N3 (TTCCCCTGGCTATTCTGCTCAACC) and N4 (CGAACTCTTGTCAACACTCCACACACAG), amplifying 101 bp from mouse beta-globin gene.
PCR conditions
The PCR reaction include: 200 nM each dNTP; 0.6 µM N1 and N2 or 1.2 µM N3 and N4 oligonucleotide primers; 2 mM MgCl 2 ; 1.25 u Taq DNA polymerase (QIAGEN). PCR program include initial denaturation at 95°C for 8 minutes, followed by 27 cycles of denaturation at 95°C for 90 s, annealing at 65°C for 60 s, and final extension at 72°C for 10 min.
Electrophoresis
An aliquot of the PCR product was electrophoresed in a 1.75% agarose gel in 0.5 x TBE buffer (50 mM Tris, 50 mM Boric acid, 1 mM EDTA pH 8 in 1l of distillated water)
Results and Discussion Figure 1A shows the distribution of the chromosomes in McCoy cells. In 50 metaphase plates were recorded chromosomes whose number varies from 52 to 74. In one cell was recorded polyploidy presented with 114 chromosomes. 29 of the cells have the same number of chromosomes -65 (58% of all). These are cells with modal number of chromosomes. 84% of all tested cells have the number of chromosomes ranged from 63 to 67. Cells with different numbers of chromosomes are single. In serum-free cell culture McCoy the distribution of the chromosomes is similar, 50% of the cells were with modal number of 65 chromosomes (Fig. 1B) . Two cells contained polyploidy chromosomes number. Also in the serum-free cell culture, most of the cells (76% of all tested) were with the chromosomes in range of 63 to 67. Not only modal number of chromosomes, but also in the morphology of chromosomes was reported similarity between the two cell cultures (Fig. 2) . The number of nontelocentric chromosomes varies in range of 14-18 per cell ( Fig. 2A, 2B) . It was also found the presence of dicentric chromosome with secondary constriction, giving proportions of 2:3:4. It is regarded as a chromosome marker characteristic of mouse cells McCoy B (3). The distribution of the chromosomes in HEp-2 and HEp-2-Plovdiv E cells are shown in Fig. 3 . 75% of the investigated HEp-2 cells were with chromosomes in range 72-76. Figure 3B is showing the distribution of the chromosomes of serum-free HEp-2-Plovdiv E cells, which is in the range 54-76 chromosomes. In single cells were measured at 54 and 58 chromosomes. In 11 cells was established chromosome number 68, which is 22% of all cells. Of 70 chromosomes were recorded in 5 cells. Other chromosome numbers were repeated at 2, 3 or 4 cells. In cell lines HEp-2 and HEp-2-Plovdiv E is predominantly amount of nontelocentric chromosomes (Fig. 4) . Telocentric chromosomes present in the chromosome sets within 16-18.
The results obtained from the molecular analysis of the studied cell cultures are presented in Fig. 5 and Fig. 6 . In (Fig.6) . Here, also is recorded the amplified product from genomic DNA of cells McCoy and McCoy-Plovdiv. No amplified product of genomic DNA from 3T3 cells in Fig. 6 The results of the molecular analysis confirm the origin of human cell lines HeLa, HEp -2 and HEp-2-Plovdiv E. Chromosome analysis verify the similarity between serumfree strain HEp-2-Plovdiv E and the originate cell line HEp -
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2. Nontelocentric chromosomes dominated and telocentric are less than a quarter of all chromosomes in a cell. The differences in the distribution of chromosomes in 50 cells and the difference in modal numbers are probably due to adaptation of cells to the new conditions of cultivation. In the literature there is evidence that the cell line HEp-2 was contaminated with HeLa cells (2, 13) . In this study we are not presenting an accomplished analysis in order to demonstrate the HeLa marker chromosomes and specific isozymes (13) , witch can confirm that in this serum-free strain the cells are bearing these characteristics. While this is not confirmed, we presume that cell line HEp-2-Plovdiv E is also HeLa-contaminated. The results of the caryologic study present that serum-free cell line McCoy-Plovdiv originally derive from McCoy cell line. They have the same karyotype, in which is dominated the telocentric chromosomes. Modal chromosome number 65 is the same for both cell lines. Our results corresponded with those published by (3) (13) because it is the result of targeted laboratory experiment, and mostly unconscious human error in the process of cultivation of different cell cultures simultaneously. Masters found that when it is mixing two cell cultures by the time it establishes a sustainable, which becomes dominant and displace the other and there are no evidence of somatic cell hybridization in cell cultures contaminated with other cells (9) . In the case of McCoy cells suggest that faster growing cells are mouse L-cells (3). We can assume that they have stumbled across cultures of human synovial cells and McCoy shifted them as more aggressive and faster growing under the same conditions. But the results show that unless the process of displacement of cells there is a process of mixing of genetic material because McCoy cells contain except mouse and human genetic material into their genome. One likely assumption would be that between these two types of cells had a moment of interaction of their genetic material. The resulting hybrid has undergone rearrangement of the genetic material to obtain one in which there are expressed genes of the genomes, mouse and human. Due to the lack of correct information related to the process of contamination of these 1 2 3 4 5 6 7 8 9 10 11 12 13 (14) . This also applies to the serum-free strain McCoy-Plovdiv, cell line derived from McCoy. Still many cell lines are published without indicating that they are contaminated with other cells, although it is known for a long (10, 13) . Our vision is in line with the proposal of the Masters (9, 12) , that information about the authenticity must be correctly reported in published studies involving cell cultures. In this context we think is correct McCoy cells and McCoy-Plovdiv to be reported as "hybrid" cell lines, not as a "mouse fibroblasts" or "human synovial cells", as is usually present in the McCoy cell line publications. 
